excessive weight. Prevalence has increased from 1 to 4.5% [2] over the past 10 years. With adolescent hypertension, the simultaneous occurrence of further cardiovascular risk factors is also common [3] . Hypertension is not only a simple disease of elevated blood pressure (BP) but is also a syndrome caused by several cardiovascular risk factors [4] .
Diagnosis of hypertension is critically dependent on accurate BP measurement. That is more important in adolescents as the misdiagnosis of hypertension may have a life-long adverse impact on insurability and employment. 24-hour ambulatory blood pressure monitoring (ABPM) offers multiple advantages in achieving high-quality BP determinations by reducing observer errors [8] .
Role of ABPM in Light of Guidelines for Adolescents
ABPM was mentioned in the 1996 guidelines on hypertension in children and adolescents [9] . They show that some data are already known in terms of normal values [10] ; however, the guidelines do not find them sufficient to establish reliable reference values. The guidelines also mention that ABPM is becoming increasingly popular in treating adult ABPM, but its wider use in adolescents can only become possible if we have more data at our disposal.
The European guidelines on adolescent hypertension published in 2004 regard casual BP measurements as the gold standard and, although the guidelines consider the use of ABPM necessary in the care of suspected white coat hypertension (WCH), they do not recommend its routine application [3] . The guidelines dedicate a short chapter to ABPM, regarding it, based on literature data, as useful in diagnosing adolescent hypertension [11, 12] . By frequently measuring BP and recording the readings, daytime, nighttime and 24-hour ABPM means can also be identified. Using ABPM, we can determine in what percentage of the measurements BP exceeds its normal upper limit ('BP load'). ABPM is particularly favorable in diagnosing WCH as well as likely target organ damage. The guidelines conclude that in adolescence ABPM should be a tool in the hands of young-age hypertension specialists who are familiar with its use and interpretation of results. However, while recognizing the value of ABPM, the guidelines assign only a limited role to it [13] .
In contrast with the shortcomings of casual BP measurements, home BP measurements and 24-hour ABPM offer several advantages and hence they are increasingly being used both as a diagnostic and a therapeutic tool in adulthood [13] . The last decade has seen a welcome increase in the amount of adolescent ABPM. In view of the proliferation of new knowledge, the wide availability and relative ease of the reproducibility of the method, the possibility of its wider application emerges in the diagnosis and therapy of hypertension in young adults.
According to the 2009 guidelines for adolescents of the European Society of Hypertension [14] , ABPM is becoming increasingly essential for the diagnosis and therapy of adolescent hypertension [14] . In addition to nocturnal BP variation and WCH, masked hypertension (MH) can only be diagnosed by way of additional use of 24-hour ABPM. In order to adequately assess ABPM, it is necessary to determine clear reference values. In clinical studies involving adolescents, given the lower prevalence of hypertension, the application of ABPM is particularly important [15] .
Normal ABPM Values in Adolescence
BP monitors are validated and calibrated according to the guidelines of the American Association for the Advancement of Medical Instrumentation (AAMI) and the British Hypertension Society (BHS). Of the 43 devices examined, only 9 met the criteria set by the two societies [16] , about which up-to-date information can be accessed at www.dableducational.com.
The first study involving a large population of children and adolescents was published by Portman et al. [17] in 1991. This was followed by a publication by Reusz et al. [10] in 1994, in which, in addition to the ABPM readings of 125 healthy schoolchildren, those of young hypertensives and patients known to have kidney disease were also reported on. It was stressed even then that ABPM cannot only be used for diagnostic purposes but that changes in the diurnal rhythm might also suggest changed vasoreactivity. Later on, American, German and Spanish working groups reported on ABPM results [18] . In 1997, Soergel et al. [19] determined reference values based on the ABPM measurements of a total of 1,141 children and adolescents. The study represented a more modern approach since at the time young people's height was also considered in determining normal and pathological values, along with sex and age. Young individuals whose average BP exceeded the 95th percentile of an age-, genderand height-matched group were diagnosed as hypertensive. 2009 saw the publication by the European Society of Hypertension of its guidelines on adolescent hypertension, with German authors' results as reference data ( table 1 ) [20] .
The biggest debate concerning the interpretation of results is about determining where the borderline between the normal and the pathological lies, and what aspects this rather arbitrary boundary should be based on. In terms of ABPM, several working groups disagreed with using the age-, sex-, and height-related 95th percentile values as a limit for hypertension since their BP data suggested a non-gaussian, non-symmetric distribution [20] . They recommended using the LMS method, which could greatly enhance the correct shape of the curve. In calculating the subgroups' data, distribution median (M), the coefficient of variation (S), and the degree of skewness (L) were also considered, greatly decreasing the likelihood of over-and underdiagnosis of hypertension. In adolescence, an accurate diagnosis of hypertension is even more important than in adults as the presence and degree of target organ damage is closely correlated with the time of the persistence of hypertension.
With ABPM, a strict, arbitrary limit in and of itself is not suitable for distinguishing the normal from the pathological. BP load shows what percentage of the measurements is greater than the boundary BP between normal and pathological values. The importance of the issue is further enhanced by the fact that correlations have been found between the above parameter and target organ damage [21] . Three studies have investigated the role of BP load in adolescence. German authors regard values greater than 25% [22] , while others consider values greater than 30%, as abnormal [23] . The authors of the most recent study have determined, based on investigations carried out with 728 youths under age 19, that adolescent ABPM readings are identified as abnormal if, on the one hand, they exceed the 95th percentile BP for the given subgroup, and on the other hand, BP load has reached 30% [24] . In line with this, the BP of young people is identified as normal if daytime mean is below the 95th percentile, with a BP load lower than 25% [12] .
It is necessary for a general consensus to be formed as soon as possible on an evidence-based definition of normal and pathological values for hypertension. In an American study in which three nephrologists interpreted adolescents' ABPM readings independently of each other, only in 64% of the cases was there complete concordance between the specialists in the question of the diagnosis of hypertension [25] . It is equally necessary to determine the role and weight of the various derived parameters: BP load, BP index (i.e. actual BP divided by the 95th percentile data of the guideline) [26] , BP variability [27] , lack of nocturnal BP fall ('non-dippers') [28] , since there is an increasing amount of evidence to suggest that these parameters are reliable predictors for target organ damage.
Concepts That Can Be Determined Using ABPM
In the following, we will describe the concepts that can be determined using ABPM, on which there is relative consensus in the literature.
Diurnal Changes of BP
As with adults, BP of adolescents shows diurnal changes; under normal circumstances the mean of nocturnal readings is at least 10% lower than that of daytime readings ('dipper'). If the decrease of nighttime BP is lower than this, the 'non-dipper' phenomenon is present. Casual measurements performed in a clinic, at school or at home are not representative of the 24 h of the day. Multiple readings of ABPM are better suited to diagnose WCH, to investigate the diurnal changes of BP, to follow up on early morning BP surge, to document unexpected drops or elevations in BP, to assess the efficacy of antihypertensive treatment and to follow up on changes in physical activity. The casual measurements of office visits do not necessarily reflect the extra load exerted on target organs.
BP has two phases of maximum value: it is highest in the morning, while a smaller peak can be observed in the afternoon. Nocturnal fall in BP is usually 15-25%, with the lowest value occurring between midnight and 4 a.m. Diurnal changes of systolic BP is sustained in 83% of young people, the corresponding value for diastolic BP being 89% [29] .
White Coat Hypertension WCH is suspected if measurements taken in an office or clinic show elevated BP values, while those taken in the patient's home are persistently normal. ABPM offers an excellent opportunity to verify this suspicion: if it shows normotension, then WCH can be diagnosed. In the first study on adolescent WCH, published in 1991, the authors found a prevalence of 44% [30] . Various researchers found the prevalence of WCH in young people with persistently elevated casual BP to be between 13 and 88% [31] . In a study of Japanese young people under 25, WCH was diagnosed in 47% of those who had been found to be hypertensive based on office measurements [32] . The white coat effect [33] (the difference between the office value and the daytime mean is 1 10 mm Hg) was observed in 50% of hypertensives and 25% of normotensives. The prevalence of WCH in a study involving Croatian adolescents was 21% [34] , while in a corresponding Polish study it was found to be 32.6% [35] . Sorof et al. [36] have found a correlation between elevated office BP values and WCH. They calculated the BP index by dividing the mean of the three casual measurements by the 95th percentile BP value specific for the given subgroup. The BP index represents the percentage by which patients' BP is greater than the limit. If this value was between 1 and 1.1, the prevalence of WCH was 87%. If it was between 1.1 and 1.2, the prevalence was 52%. Above 1.2, it was only 15%. In view of the above, when the index is between 1 and 1.2, confirmation by ABPM is highly recommended. If the BP exceeds the 95th percentile by more than 20%, the likelihood of WCH is small. According to the latest data, adolescent WCH is not a harmless phenomenon, since it is associated with signs of subclinical target organ damage and increased intimamedia thickness [37] .
Masked Hypertension
In recent years a new phenomenon has been recognized in which casual, office measurements are within normal values while home BP readings as well as ABPM show elevated values. This is the MH phenomenon (or reverse WCH) [38] . Its prevalence in adults coincides with that of WCH. In adolescence, its definition and prevalence are similar to those observed in adults; in the Japanese study mentioned above, prevalence was 11% [33] , and was found to be more common in boys than in girls (19 vs. 5%). Lurbe et al. [39] have observed MH in 7.6% of adolescents, accompanied by signs of target organ damage, including an increased left ventricular mass index (LVMI).
When Should ABPM Be Applied in Adolescence?
ABPM is gaining ground in adults, its advantages and indications having found their way into guidelines too. There is evidence that the data provided by ABPM correlates much better with the prevalence of cardiovascular events than that provided by casual measurements [40] .
ABPM also offers numerous advantages over casual measurements in adolescents, as the measurements take place during everyday activities on the one hand and nighttime sleep on the other, thus providing continuous data about BP [41] . The reproducibility of ABPM data in adolescents is better than that of office results [42] . ABPM is better correlated with target organ damage than are office measurements [25] . Considering the 'tracking' phenomenon in which adolescent hypertension translates into adult hypertension, it is of great importance that patients with the highest risks should be screened out based on reliable data. The conditions that according to our present knowledge require the performance of ABPM are given a detailed description in table 2 , a simplified version of the European Guideline [14] .
Special Applications of ABPM
There is a growing body of data that demonstrates the advantages of ABPM in special populations of young people, particularly kidney patients. In chronic renal failure, ABPM data are better correlated with the glomerular filtration rate than with the data from casual measurements [43] . Lande and Flynn [44] find the accurate determination of young kidney patients' BP so important as to recommend ABPM to prove normotension (i.e. to exclude hypertension) in chronic kidney disease. After renal transplantation, ABPM has proved to be more efficient than casual measurements [45] as renal transplantation is characterized by higher nocturnal BP values, a reversal of the diurnal rhythm [46] . Lack of nocturnal fall in BP and higher nocturnal BP values suggest target organ damage in primary hypertension [47] . A recent publication has shown that normal circadian rhythm is also compromised in obese adolescents, as there is no fall in nighttime BP. A significant number of 'non-dipper' young people are hypertensive, reducing their stamina, with a prevalence of MH among them at 32.3% [48] .
ABPM data of hypertensive and prehypertensive adolescents were associated with pathologically elevated LVMIs, and the prevalence of left ventricular hypertrophy was also significantly higher [49] . A recent study confirmed that LVMI is higher in sustained hypertensive adolescents than in normotensives, but the white coat hypertensives' LVMI did not differ from them [37] .
In addition, ABPM is a good tool for obtaining important data in differentiating between primary and secondary hypertension. If both daytime diastolic and nighttime systolic BP are elevated in adolescence, we have to suspect a diagnosis of secondary hypertension [50] . Further investigation of this phenomenon is especially important when the BP load of daytime diastolic values is greater than 25% and nighttime systolic BP values exceed 50%. In contrast, if we observe only isolated elevated systolic BP during the day, diagnosis of primary hypertension is likely.
Recent studies of healthy adolescents have shown that if either parent is hypertensive, their own ABPM data are also higher both in terms of daytime and nighttime systolic and diastolic BPs [51] . Parental BP is a strong predictor of their children's BP in the future. A lack of difference between the two groups in casual measurements suggests that ABPM can be used to detect initial differences [52] .
Conclusion
Recent years have seen a proliferation of data on ambulatory adolescent BP monitoring. There is evidence to suggest that its results are better correlated with target organ damage than are casual readings. 24-hour monitoring has proved normotension in 21-47% of young people diagnosed as being hypertensive based on repeated measurements, which means that WCH can be diagnosed. This method can also be useful in detecting MH whose prevalence is 7-11%. It also allows us to gain useful data when secondary hypertension is suspected. Taking the new European consensus guidelines into consideration, it is advisable to take full advantage of the possibilities offered by ABPM, as it is important to confirm diagnoses based on casual measurements. It is imperative to perform ABPM when WCH or MH are suspected, to prove target organ damage, and in cases of therapy-resistant hypertension. In adolescence, performing ABPM is considered by the authors to be absolutely necessary before starting antihypertensive medication.
